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Abstract 
Rice pests and diseases could have significant negative effects on rice production around the world. There is a need 
for managing and displaying the characteristics and variability of crop diseases and pests for an agricultural region at 
both spatial and temporal scales. In the current study, geographic information system (GIS) and database 
management technologies are applied to store, manage, analyze and visualize massive long-term heterogeneous 
information related to rice diseases and pests in Chongqing. Spatial data including administrative district, rivers, 
roads, monitor locations were digitized and corrected using ArcGIS 9.2. Non-spatial data including weekly long-term 
(2003-) records of rice pests and diseases from monitor locations in Chongqing were collected and analyzed. The 
developed database could provide critical information for early warning for high-risk areas of rice production and for 
management decision making. 
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Preface  
Rice is one of important crops in China. The planting area of rice is as high as 3,000 million hm2 each 
year accounting for about 1/3 of crop planting area. Rice production accounts for 45% of total grain 
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output[1]. Biohazards is one of important factors reducing rice yield in China. Every year, the occurrence 
of rice pests and diseases causes a large underproduction area of rice. Therefore, prevention and cure rice 
diseases and pests is one of the important measures to achieve high and stable production and yield of rice. 
In recent years, Geographic Information Systems (GIS) are widely applied in risk assessment, spatial 
distribution, dynamic monitor as well as tendency forecast of crop diseases and pests[2]. For example, in 
South Korean, Song and Heong established a spatial population database of Brown Plant Hopper(BPH) 
based on 152 insect pest situation inspection stations using GIS. With the help of GIS techniques, they 
analyzed the spatial distribution of BPH and predicted the outbreak risk of BPH[10]. In Australia, the 
Australian Plague Locust Commission(APLC)  developed a GIS-based Decision Support System (DSS) to 
collect, process, analyze and display a variety of four states of Australia covering 200 million km2 of 
inland monitor and control locust population which seriously affect the agricultural production[3]. In 
China, Si et al. developed a web-based pest real-time monitoring and warning system for the national 
main crops. The system managed more than 60 kinds of pests of six main crops including wheat, corn, 
rice, potatoes, sorghum and millet [4]. In combination and integration of artificial intelligence technology, 
GIS technology, database technology, and network technology, Wang et al. designed a network expert 
system for forest pest [5]. Their system used a variety of types of database as reasoning data source, and 
constructed a dynamic prediction model for the forest pest prediction. Lu et al. established the bollworm 
phenology forecast parameter based on a WebGIS system using ShiHeZi meteorological data and 
bollworm data[6]. Zhou et al. developed a webgis database for analyzing spatial-temporal dynamics 
disaster of rice planthopper population using arcgis8.1[7]. 
However, in agricultural practices, there is a need for managing and displaying the characteristics and 
variability of crop diseases and pests for an agricultural region at both spatial and temporal scales. 
Therefore, to address this issue, the current study designs and implements a diseases and pests database 
for rice in Chongqing using database management, GIS and network technology. On the basis of the 
results of the study, a Web-GIS rice diseases and insect pests system was developed. The purpose of the 
system is to analyze the spatial and temporal changes of the rice diseases and pests in Chongqing and the 
relationship between the occurrence area and the corresponding environmental factors, such as climate. It 
is expected provide useful information for early warning for high-risk areas of rice production and for 
management decision making. 
1. Site description 
Chongqing is located in the southwestern China. The climate is mild sub-tropic with average annual 
rainfall ranging from 1087 to 1400 mm, average annual sunlight changing between 1000 to 1650 h and 
relative humidity ranging from 79 to 82%. Temperature of Chongqing varies from a maximum of 43.5oC 
in July to a minimum of -7oC in January [8]. 
2. Data analysis 
2.1. Data collection 
Data collection is the most critical and time-consuming project in information management-related 
studies. On the basis of a thorough analysis of the existing materials, including published and unpublished 
literatures, of crop diseases and pests and population dynamics of Chongqing and experts’ opinions, 
relevant information for the crop diseases and pests system was collected from different sources (Table 1).  
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Table 1 .Data categories and sources 
Data categories Source 
Maps of district, river and road of Chongqing Chongqing Key Laboratory of digital agriculture 
paddy pest data Chongqing agricultural technical extending station 
The map of Land use status of Chongqing Chongqing agricultural technical extending station 
Digital elevation model of Chongqing Chongqing Key Laboratory of digital agriculture 
Disease and pest monitoring station Chongqing agricultural technical extending station 
Records of crop disease and pests Chongqing agricultural technical extending station 
2.2. Data structure and characteristics 
Obviously, the system is related to various data types and format. In detail, the collected data are 
characterized by (1) widely data sources: including scanned image data, data in Excel, Word, FoxPro, and 
other text format. The data should be converted to a unique format before analysis. (2) various format of 
the diseases and pests. The information and format of the diseases or pests are different from each other, 
so every disease or pest has its own tables. 
3. Logic design for the system database 
3.1. Spatial databases design  
The spatial databases include two data types, i.e., vector and grid structure. In this study, the spatial 
data are mainly classified into three levels, namely foundation maps, derived maps and decision-making 
maps. The foundation level includs maps of Chongqing administrative districts, road, rivers, elevation, 
and land use etc. The maps of the derivation level are derived from the maps of the foundation level, such 
as the slope and aspect maps derived from the elevation grid. The information of the decision-making 
level will be used for identifying high-risk areas of disaster and variability of the occurrence of the crop 
diseases and pests at spatial-temporal scale. The spatial data respectively store as point, polyline, polygon, 
and grid format (Table 2).  
Table 2. Information of the spatial data 




districts boundary of 
Chongqing 
The earth plane coordinate Beijing coordinate 




Main rivers of 
Chongqing 
The earth plane coordinate Beijing coordinate 





and field path 
The earth plane coordinate Beijing coordinate 





locaation of each 
country and section
The earth plane coordinate Beijing coordinate 
system 1954 Gauss - Krugger projection 
Read only 
Land use Polygon Farmland 
distribution of each 
county and section 
The earth plane coordinate Beijing coordinate 
system 1954 Gauss - Krugger projection 
Read only 
Elevation Grid Terrain and 
landform of 
Chongqing 
The earth plane coordinate Beijing coordinate 
system 1954 Gauss - Krugger projection 
Read only 
Disaster level  Grid Disaster situation of 
Chongqing 
The earth plane coordinate Beijing coordinate 
system 1954 Gauss - Krugger projection 
Read only 
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Among them, point data mainly contain the map of crop diseases and pests monitoring locations. 
Polyline data include maps of rivers, roads. Polygon data include maps of Chongqing administrative 
districts, land use etc. Grid data include maps of disaster status, such as the highest disease quantity of the 
seedling field, accumulative disaster area, disaster rating etc. 
3.2. Attribute database design 
Attribute database include long-term field investigation records of the crop diseases and pest (2003-) 
and detailed information of the spatial data. The attribute data are stored in the unified data format (.dbf). 
Format of the attribute table are given in Table 3-6. 
Table 3 The attribute table of Rhizoctonia Solani 
























Format integer datetime float float float float float 
























Format float float float integer double text ĂĂ
Table 4 .The attribute table of administrative districts 
Field Name Data Type Field Description IsKeyword 
Name Text County and section name  Yes 
Area Float Land utilization area  No 
Table 5. The attribute table of the crop diseases and pests monitoring location 
Field Name Data Type Field Description IsKeyword 
Longitude Text Longitude  No 
Latitude Text Latitude No 
Table 6. The attribute table of disaster level  
Field Name Data Type Field Description IsKeyword 
Name Text County and section name Yes 
Grade Integer Disaster level No 
Level Char Disaster level text description No 
A_Area Float Disaster area No 
Rate Float Disaster area rate No 
3.3. The connection of spatial data and attribute data  
Space characteristics and the corresponding attribute data are usually connected by user identity code. 
In the current study, the field of name of the administrative district is used as the keyword for connecting 
539 Yong-Wei Bao et al. /  Procedia Environmental Sciences  10 ( 2011 )  535 – 540 
Generally attribute list 
1DPH E E E ĂĂ
+HFKXDQ    ĂĂ
<XQ\DQJ    ĂĂ
query
1DPH *UDGH OHYHO $B$UHD 5DWH
+HFKXDQ  QR  
\XQ\DQJ  /LJKW  
Spatial feature attribute list











General  index 
information attributes list




the attribute database and the spatial database. Figure 1 showed the detailed connection relationship 
between the attribute database and the spatial database. 
     Fig 1. Spatial databases and attribute databases connection scheme                            Fig 2. Establishment of the database
4. Physical realization of the database 
The establishment of the database includes a series process such as data selecting and correcting, 
graphics and attributes data inputting, editing and connecting etc. 
The mistakes in digital geometry data mostly include suspended polyline, identification point error of a 
polygon and small polygons. With the help of the ArcEdit module of of ArcGIS 9.2, the correction was 
done before analysis. The spatial data vary in terms of formats, such as projection, coordinate system, etc. 
To deal with this issue, all of these data layers are converted into a unified format and scale, i.e., Beijing 
coordinate system 1954, Gauss - Krugger projection and 1:250,000. 
Generally, various digital methods including grid coding, topology encoding, and automatic measuring 
are used to input spatial data. In the current study, the spatial data are digitized using R2V and ArcInfo. 
The attribute data are converted to dbf format from other various formats, such as Word and Excel files. 
Figure 2 displayed the establishment scheme of the database.
5. Application of the database  
A web-GIS based system was developed based on the established database using ArcIMS 9.2 and 
ASP.NET in 2010 in Chongqing[9]. The system manages crop pests and diseases monitoring data using 
GIS and Web techniques in an efficient way. Spatial variability of the occurrence of rice planthoppers in 
2008 Chongqing are shown in Figure3. a(left) and b(right).  
 
Fig.3. Spatial variability of the occurrence of rice planthoppers during June 2nd to  8th (left) and June 9th to 16th (right) 
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A clearly spatial and temporal variability of the occurrence of rice planthoppers was found in Figure3. 
The comparative analysis of Figure 3 a and b presented that the occurrence of rice planthopper was 
heavier in southeast (in heavier color) than other regions in June 2008 of Chongqing. A northward 
extension of the occurrence was also found during the period.  This results show that the developed 
database could provide valuable information for dynamic monitoring and management of rice pests and 
diseases and thus help specialists and researcher make timely and informed decision for rice production in 
the study area.  
6. Conclusion 
The establishment of crop diseases and pests database using GIS and network technologies provide 
structured scientific information and allow flexible incorporation of additional data sets from external 
sources. Long-term massive heterogeneous data could be managed, analyzed and visualized by regular 
updating with the well-defined user interfaces based on the methodologies. With the development of the 
project, users will take great advantage of a variety of long-term information which provides critical 
implications for agricultural production and management decisions making. 
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